Government departments and agencies are faced with issues of increasing socio-ecological complexities around environmental sustainability and global change, which require them to make decisions that have the potential to impact greatly on society and economies. As a result, they are under increasing pressure to develop policies that consider a wide spectrum of scientific and indigenous knowledge. It is acknowledged that in South Africa, as elsewhere, a gap typically exists between the scientific or research community and the policymaking community, due to a number of underlying reasons at both ends. This gap often results in a unidirectional 'push of evidence' by researchers to policymakers, with a hope that policymakers will take up these findings and use them in policy identification, formulation or implementation. To support the uptake of evidence in policy, it is also important to stimulate an environment of 'evidence pull' by the policy community from the research community, as well as increasing the dialogue between these communities. A model of knowledge brokering is proposed in this paper as a means to bridge this gap between science and policy and, thereby, ensure the uptake of evidence in policy development and implementation. This model looks at the need for institutional mechanisms, such as knowledge-brokering offices, both within research organisations and government departments. It also highlights the importance of researchers involving policymakers from the onset of their research process, with a continuous dialogue between the two parties, both during and after the research, as a means of increasing the likelihood of research uptake.
INTRODUCTION

People are becoming more demanding, whether as consumers of goods and services in the market place, as citizens or as businesses affected by the policies and services which government provides. To meet these demands, government must be willing constantly to re-evaluate what it is doing so as to produce policies that really deal with problems; that are forward-looking and shaped by the evidence rather than a response to short-term pressures; that tackle causes not symptoms; that are measured by results rather than activity …
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This growing pressure on governments to adopt evidence in support of policy development and implementation is not unique to the European community. South African government departments are under increasing pressure to provide evidence-based policies that ensure the consideration of a wide spectrum of scientific and indigenous knowledge. This is reflected in the address by the then South African Minister of Science and Technology 2 at the opening of the Symposium on 'Evidencebased Advice' held in March 2006.
This … symposium on the 'Nature of Evidence' and 'Science-based Advice for the Nation' has an important contribution to make in exploring the urgency and growing importance of evidence as the basis for making informed policy and practical decisions across the world. 2 Governments are faced with issues of increasing complexity that require them to make decisions that have the potential to impact greatly on society and economies. 3 This growing complexity of issues, as is apparent in the field of environmental sustainability and global change, requires a greater need for evidence in the formulation of policy.
In South Africa there exists significant political will at regional, national and provincial levels to address sustainability issues and especially the threats and opportunities posed by climate change. This includes investment in negotiations at many international forums and with strong cross linkages to trade and other economic negotiations and considerations. South Africa's and even SADC negotiating positions will benefit
greatly from an improved and more coherent science base to inform policy. National to local scale development planning will also benefit if effective channels of communication can be opened to fast track scientific knowledge to policy-makers and implementers. 4 The Trialogue Model 5 ( Figure 1 ) suggests that the increasing complexity and apparently intractable nature of contemporary environmental issues require the establishment of new, closer and co-operative relationships between government, science and society actor clusters. 5, 6 The argument put forward by the Trialogue also suggests that each of the interfaces between the different clusters requires a different type of communication strategy, which, in the case of the interaction between the science and policy actor clusters, also implies improving and deepening existing relations between the actors involved.
The transfer of research outputs from universities and science councils has, in the past, been linear and unidirectional, 7 with research communities 'pushing' their research to policymakers, with a hope that policymakers would take up these findings and use them in policy identification, formulation or implementation ( Figure 2a ). It is proposed that, to strengthen the science-policy relationship, there must be a stronger 'pull' of research by policymakers to support policy questions, or a push-pull, multidirectional relationship between these communities (Figure 2b ).
Researchers have questioned why 'some of the ideas that circulate in the research/policy networks [are] picked up on and acted on, while others are ignored and disappear'. 8 In the South African context, a
FIGURE 1
Trialogue model depicting the interfaces between the government, society and science actor clusters
FIGURE 2
Model for the (a) unidirectional and (b) multidirectional push of research findings to policymakers recent study conducted on research dissemination and uptake in South Africa 9 indicates that researchers at universities and science councils often feel frustrated when conducting research for government departments because they are not given feedback about what happens to their research outputs once these have been completed and submitted. This points to a lack of communication and cooperation between the research and government sectors in South Africa. While researchers are given the mandate to produce knowledge, as identified by themselves or the government departments that provide research funding, their engagement with the policymaking process often ends with the submission of a final technical report. This further highlights the current trend of 'unidirectional evidence push' thinking by researchers, which entails that policymakers understand the relevance of the research findings, know how to use these findings, and implement these findings within policy.
In terms of the science-government interface of the Trialogue Model, 5 it can be said that policymakers are tasked with prioritising values and making strategic trade-off decisions on behalf of society. However, the potential and real roles of scientific evidence in informing such trade-offs, are, as yet, unclear. Scientists working in the environmental sector often assume that the new knowledge and technology they develop is sufficiently linked and relevant to national political objectives and that it is likely to influence policy and decisions that are made at the national political level. However, this is often not the case, as many money-and time-intensive research projects are not implemented in a practical manner that would solve society's environment-related problems. As a result, these projects serve no immediate purpose other than the production of knowledge and the creation of researcher and organisation profiles within the research community. This research may be a valuable addition to the particular field in question, but does not necessarily contribute (in the short-term and, often, not even as a useful long-term building block) to the role of science in making a direct and positive impact on society.
To support the uptake of evidence in policy, it is important to stimulate an environment of evidence pull by policymakers from the research community, as well as increasing dialogue between the communities. The following sections focus on, (1) the way in which policy is informed by evidence, (2) barriers to evidence uptake and (3) one key model that can be used to overcome these barriers.
POLICY INFORMED BY EVIDENCE
Policymaking is typically shaped by a number of factors, including the social and political context of the country, 10 with evidence, and research in particular, being only one component of policy development and decision-making. 7, 11, 12 There is currently divergence in the literature regarding the definition of 'evidence'. Some authors consider 'evidence' to include only science or research, 11 while others believe it includes various sources of knowledge in addition to science, 13 such as indigenous knowledge, expert knowledge and public opinion. The last two decades have seen an increase in the use of evidence internationally in support of policy, 8 with a strong emphasis on evidence-based policy in the United Kingdom (UK), Canada and Australia, typically as government has become more receptive to the role of evidence in policymaking. According to the Overseas Development Institute (ODI) 11 , 'evidencebased policy should be based on systematic evidence; that is, research-based evidence', where researchers are considered the evidence generator and evidence provider. 14 13 This paper focuses specifically on the role of research as evidence and, in particular, on the role of applied and experimental research, both of which are directed towards practical outcomes, such as uptake for policy. This is not to say that there is no place for basic (blue skies) research. Blue skies research still needs to be encouraged and supported, because while the impact of such research may not be realised immediately, the potential for future impact does exist.
According to Davies (cited in ODI) 11 , evidence-based policy is an approach that 'helps people make well-informed decisions about policies, programmes and projects by putting the best available evidence from research at the heart of policy development and implementation.' Evidence-based policy is based on the concept that policy based on evidence produces better outcomes. 11 For evidence to be adopted by policymakers, it should be accurate, objective, credible, generalisable, relevant, available, rooted and practical. 11 Ideally, policy should be evidence-based 14 (i.e. have a strong foundation on evidence) rather than evidence-backed, where policymakers use data to justify preconceived policy options to suit their own political agendas. 16 According to the ODI 17 , research uptake is dependent upon three broad areas, (1) the political context, (2) the credibility and communication of the evidence and (3) the influence and legitimacy of the link or interface between the policy and evidence environments.
Shaxson
10 noted that evidence is needed by policymakers over different time scales; in response to time-sensitive requests, as well as in support of strategy and policy development over the long term. Research conducted by Godfrey in South Africa in [2005] [2006] 18 explored this notion by assessing the sources of information and knowledge most frequently relied upon by policymakers in the field of pollution and waste, over the short term (for rapid, high-risk and low-risk decision-making scenarios) and for longer-term planning scenarios (Table 1) .
Results presented in Table 1 are the median values obtained from a questionnaire administered to 11 managers within government who are responsible for pollution and waste management in South Africa. The results indicate that, in instances of quick or low-risk decision-making, managers rely less on input from external specialists and more on personal experience. In instances of high-risk decision-making, a shift away from the use of personal knowledge to one of evidence (data, information, specialist knowledge) becomes evident; however, there is still little reliance on external specialist knowledge. What is interesting to note is that this reliance on specialist knowledge does not change from current practice to desired practice (Table  2) . Even in the case of desired practice, government officials still place a lower emphasis on the knowledge of specialists in the field and, in particular, specialists external to the organisation. This observation is not unique to South Africa. However, internationally, things appear to be changing, as there is evidence of growing reliance on specialist knowledge by government departments in the decision-making and policymaking processes. Advisory groups made up of specialists in their field are evident, for example, in the Department for Environment, Food and Rural Affairs' (DEFRA) Science Advisory Council and the UK Waste and Resources Research Advisory Group. Data and information 3 6 2 6 3 6 3 6
Internal specialist knowledge ‡ 3 6 2 6 2 6 4 6
External specialist knowledge ¶ 4 6 3 6 4 6 3 6
Source: Godfrey 18 *Rank is seen as the prioritising of the sources of knowledge from: (1) most frequently relied upon, to (5) least frequently relied upon. † Rating is seen as the importance of the source of knowledge for decision-making and planning, varying from: (1) No value at all, to (4) Of moderate value, and (7) Of great value. ‡ Internal specialist knowledge indicates knowledge held by colleagues within the same government department. ¶ External specialist knowledge indicates specialists who are external to the government department (e.g. consultants, scientists). Source: Godfrey 18 *Rank is seen as the prioritising of the sources of knowledge from: (1) most frequently relied upon, to (5) least frequently relied upon. † Rating is seen as the importance of the source of knowledge for decision-making and planning, varying from: (1) No value at all, to (4) Of moderate value, and (7) Of great value. ‡ Internal specialist knowledge indicates knowledge held by colleagues within the same government department. ¶ External specialist knowledge indicates specialists who are external to the government department (e.g. consultants, scientists).
BARRIERS TO THE UPTAKE OF RESEARCH
There are a number of possible reasons for the low reliance on specialists by government officials. These include: being unaware of who the information providers are, 19 low levels of trust with regard to the evidence provided by external specialists, perceived issues of source credibility 8, 11, 20, 21 and limited understanding of the value of evidence. 11 According to Nutley (cited in ODI) 11 , the interaction between researchers and policymakers is limited, due to a divergence that exists between two very different worlds. 'They use different languages and have different priorities, agendas, timescales and reward systems.' 11 The result is that a communication gap exists between policymakers and researchers. This changing or shifting knowledge base, or possible contradictions within the same knowledge base, often makes it difficult for policymakers to define a 'fixed knowledge point' on which to base policy or decisions. This is evident, for example, in the fields of climate change or the human health impacts of nanotechnology, where scientists can hold differing views on scientific processes and outcomes.
It is always important to bear in mind that
The UK National Audit Office 22 lists five reasons why research results are not easily accessible to the policymaker. These include, (1) a poor understanding of policy questions by the researchers, (2) poor communication of the research results by the researchers, (3) poor understanding of research results by policymakers, (4) no direct, short-term relevance of research results for policy and (5) a lack of resources for dissemination activity. It is also acknowledged that research is often a long and seemingly slow process of delivering evidence, often too slow for the requirements of policymakers. According to Bielak et al. 7 policymakers think that science is 'too slow and too expensive, and invariably answer questions that no one has asked, usually accompanied by requests for more funding.' Bielak et al. 7 identify the following three obstacles that affect the ability of staff within the Canadian Government Department, Environment Canada, to bridge the interface between policy and science, (1) a difficulty in obtaining information on the activities and priorities of 'the other side', (2) receiving little feedback about the use of science within the policymaking process and (3) a lack of awareness about where to direct a particular science question. In addition, Bielak et al. 7 note that the high turnover of officials within government departments makes it difficult to strengthen the science-policy relationship. This is a significant factor in South Africa as well, where the turnover of officials remains high and posts often stay vacant for months or even years. Thus, the UK Cabinet Office 13 suggests that '[w]here technical and scientific research does exist it is important to ensure that it is in a form which is accessible to generalist policy-makers.'
Using the Trialogue Model, 5 Godfrey points out that there are several possible reasons 20 for separating science and government within a young democracy such as South Africa. These include:
• the value that science can bring to the discussion, which is often not fully understood by government or society • the fact that science typically does not communicate with government in a manner that is easily understood, particularly for government officials with a purely political rather than a technical or science background • realising that the issues facing society are a lot more complex and the environment in which society lives a lot more uncertain. A decline in the level of confidence with which science can predict changes in, and to, the environment and the resultant risks of such changes, has resulted in society being sceptical of the role of science. 
THE SCIENCE-POLICY GAP
The underlying blame for lack of evidence uptake, therefore, appears to lie squarely on both the side of researchers as well as policymakers. To bridge the gap between the research and policy communities, Bielak et al. 7 refers to the need for knowledge transfer at the interface of science and policy. The use of the term 'interface' ('a surface forming a common boundary between two things' or 'where interaction occurs between two systems') implies that these two worlds touch at some point, or that a point of contact exists between policymakers and researchers. It is suggested that there is currently a weak interface between these two role players in South Africa and that, in general, a large gap exists between policymakers and researchers ( Figure 3 ).
The following section looks at one key way in which this gap can be bridged to increase the value of research and support evidence uptake by policymakers. What Bielak et al. 7 refer to as 'drawing science into policy'. The past year has seen society critically question and challenge the apparent lack of inclusion of evidence in government decision-making and planning. South Africa has seen a number of media headlines highlighting environmental and developmental crises facing the country. Society has questioned why there has been a lack of forward planning and insight to medium-and long-term environmental and developmental challenges by government departments, resulting in immediate crises, such as the energy crisis, municipal wastewater treatment crises, water supply crises and food security crises. These media articles have raised questions as to why evidence, provided
A MODEL FOR KNOWLEDGE BROKERING
FIGURE 3
The science-policy chasm years or decades before problems surfaced, was not taken up by government and adopted into planning or policy. The Canadian Council of Science and Technology Advisors 3 refers to this as using science advice to reduce science-related crises of public confidence.
At the same time, government departments responsible for the allocation of funding to research institutions have questioned what impact research is having on society in South Africa, particularly relating to current priority issues facing the country, such as HIV/AIDS, poverty alleviation, job creation, security and environmental sustainability. In order for research organisations to move from outputs and outcomes to impact, however, they are reliant upon the uptake of research by policymakers, industry and society. Knowledge brokering provides an important means of engaging with key stakeholders upon whom scientists are reliant to ensure uptake and ultimate impact.
The fact is a gap exists between science and policymakers, which results in science communication remaining one-sided, as research findings have to be 'pushed' to policymakers. In addition, current institutional arrangements in research institutions do little to bridge this gap between research and policy. A reason for this problem of policymakers not using research to feed into the policymaking process is because the links between research and policy have not been sufficiently established. 9 Uptake of research can only succeed if policymakers and researchers work more closely together by means of established, regular and trusting interaction and dialogue. 11, 14 Roux et al. 24 note that successful transfer of knowledge between researchers, policymakers and resource managers requires the 'co-production of knowledge through collaborative learning', which implies a change in the way we think of knowledge; it is not a 'thing that can be transferred' but rather a 'process of relating that involves negotiation of meaning among partners'. Or as noted by the ODI,
fundamentally, there needs to be increased communication and interaction between the research and policy worlds in order to strengthen the integration of policy and evidence. This can be achieved by setting up mechanisms that will facilitate greater use of evidence by policymakers.
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The recent study conducted on research dissemination and uptake in South Africa 9 showed that, in cases where researchers involved policymakers from the onset of the research process and a process of continuous dialogue was maintained between the two parties, both during and after the research, the likelihood of research being taken up by government departments was considerably greater. 'From a one-way linear process, science is evolving to a multi-party, recursive dialogue'. 7 Researchers in the field stress the importance of 'creating a robust and durable relationship between the two communities, leading to better uptake and greater impact of knowledge'. 7 One such model is the institutionalisation of knowledge brokering (Figure 4) , thereby encouraging the evidence 'pull'. This paper puts forward the knowledge-brokering model as a means of bridging this gap, in the hope of furthering evidencebased policy in South Africa. Bielak et al. 7 define knowledge brokering as a process 'in which intermediaries (knowledge brokers) link the producers and users of knowledge to strengthen the generation, dissemination and eventual use of that knowledge.' Knowledge brokers 'help to ensure relevance' 7 and the ODI refers to this as building 'institutional bridges' between policymakers and researchers. In South Africa, knowledge brokering, while in its infancy, is also taking hold. The Department of Science and Technology is currently developing a Science-Policy-Practice Interface Strategy as part of its Global Change Grand Challenge initiative. The aim of the strategy is to improve evidence-based policymaking in the field of global change and to establish a Bureau for Global Change Research that will function as a knowledge broker to help facilitate and improve interactions between different key stakeholders from the science, policy and business domains by means of a strategic, targeted approach that will undergo regular monitoring and evaluation. The knowledge-brokering function will take place in the context of other initiatives within the Global Change Grand Challenge, including a research-based acknowledges the need to ensure that the science it funds influences policymaking, with the intention to provide sustainable solutions to environmental challenges. It emphasises the following points, (1) policymakers need to know about the science, (2) scientists need to recognise policy-relevance in their science and identify which policymakers it is relevant to, (3) scientists need to engage these policymakers in the science from its outset, (4) scientists (or research organisations) must communicate science outputs to policymakers in an accessible form and (5) The knowledge-brokering philosophy requires institutional changes on both sides -within universities and research councils and within government departments. These institutional changes require the creation of 'knowledge-broker' positions or units -'research brokers' within the research environment and 'evidence brokers' within government (government departments would need to consider all aspects of knowledge not only scientific evidence or research, hence the reference to an 'evidence' broker). Bielak et al. 7 refers to these specialists that work at the interface of science and policy as 'bridgers' playing the intermediary role between the 'two solitudes', or 'knowledge brokers'. 8, 10 The Scientific Knowledge for Environmental Protection (SKEP) 26 organisation highlights the importance of these knowledge interpreters and intermediaries in playing A knowledge-brokering model provides a means for policymakers to better understand the value of evidence, be more aware of what evidence is available and how best to gain access to it, as well as how to directly solicit focused and directed research in support of key policy questions. For a knowledgebrokering model to work successfully within both research and policy communities, the following conditions 7, 8 are required:
• an acceptance of the knowledge broker by researchers within research organisations • an acceptance of the knowledge broker by policymakers within government • a new brand of researcher that can translate or package research to facilitate uptake • a new brand of policymaker that can interpret policy questions into research questions • a mature relationship between research organisations and government that facilitates open communication and sharing • a close working relationship between researchers and policymakers.
The UK Cabinet Office 13 even suggests 'regular and systematic use of inward and outward secondments of specialist staff' as a means of brokering the relationship between researchers and policymakers, for example, internships in government departments or agencies by researchers or vice versa. However, this model is not without its risks. In particular, government's independence in research findings needs to be transparent if they solicit or fund research, to ensure that research results are not swayed in a required direction or censored, if they oppose popular political agendas.
While the knowledge-brokering model requires the establishment of new institutional functions, it is important for this model not to be seen as a new layer of 'middlemen' within organisations, which place additional demands and burdens onto researchers and policymakers in organisations that are already strained to capacity. It will be important for South Africa to learn from other organisations which have implemented such models and, through a process of adaptive management, find an approach that provides maximum benefit to both the research and policy communities. If effective institutional mechanisms are not implemented, the possibility exists that the knowledge-brokers will be ignored by researchers and policymakers, making it difficult for them to play their respective roles effectively. Senior organisational support is thus critical in ensuring the success of a knowledge-brokering model and the sustained credibility of knowledge-brokers (respected by the scientist and policymaker), because if this support is not provided, brokers may simply be ignored or isolated within the organisation. According to Bielak et al. 7 knowledge-brokers should be 'trusted, valued and respected by both communities'.
In addition to having knowledge brokers within a research organisation, researchers will need to adapt to a changing policy landscape that requires their input. Researchers will need to 
BOX 2 Role of knowledge brokers within government
key learning points to take forward in bridging the sciencepolicy gap:
• There is a clear need for knowledge-brokering activities to take place to improve links between science and policy.
• A focus on strategic policy objectives could be a useful way of reorienting research, but more thought needs to be given to how the 'demand pull' from line departments can be stimulated.
• Mechanisms need to be developed to bridge the gaps between general-interest policymakers and specific-interest scientists.
REWARDING RESEARCH TRANSFER
Historically, scientists have not had to show the relevance of their research and, as such, driving research to the point of impact is often an uncomfortable activity for scientists. UK models show how this behaviour can be incentivised through the application of dedicated funding models for ensuring transfer and uptake. The ESRC refers to this as the 'Follow-on programme' where funding is made available to support research projects for which outcomes were not initially planned, but in which resultant findings show potential for impact. Similarly, NERC has the 'knowledge exchange plan', where additional funding is made available where there is evidence of potential research uptake.
CONCLUSION
The increasing recognition of the complexity of problems that South Africa faces, particularly with regards to environmental sustainability, requires close cooperation and co-learning between scientists, policymakers and stakeholders, if they are to be adequately addressed. Previous research on science communication within the South African Council for Scientific and Industrial Research (CSIR) 28 shows that while enhanced packaging of scientific information improves the comprehension of research results by the general public, including policymakers, it does not necessarily have a significant impact on co-learning between scientists, policymakers and other stakeholders, or on environmental and other political decision-making processes that take place at various levels. 29 Therefore, there is a need in South Africa, but also elsewhere in the world, to take science communication beyond the focus of information packaging and unidirectional communication to particular audiences. Here it becomes necessary to include an additional dimension of humancentred learning by means of which science-based information is interpreted and legitimised for political decision-making in the environmental and other sectors through a process of interactive knowledge brokering 7 and co-learning relating to the dissemination and uptake of scientific information. Conceptually speaking, the model of knowledge brokering between scientists and policymakers fits into the governance Trialogue. If science is to address the fundamental challenges facing society today, a solution to bridging the science-policy chasm is considered a necessary precondition.
